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ABSTRACT 
Some physical and mechanical properties of watermelon seeds were investigated in this study. 
Size, surface area and seeds were characterized using established procedure. The volume, mass 
and density of the seeds were determined using water displacement method. The static 
coefficient of friction of water melon seeds were determined with reference to three different 
structural surfaces; plywood, glass and galvanized metal sheet. The compression test was 
carried out to determine the load, energy and deformation at peak and yield of major and 
intermediate axis of watermelon seed. The result of the experiment on size shows that 
watermelon seed has a wide range of size distribution. The surface area and the shape also 
depend on varieties. The angle of repose ranges from 180 to 260 at storage moisture content. 
The static coefficient of friction depends on the type of structural surface involved. The 
sphericity of the black, brown and white – black varieties was 0.483, 0.535 and 0.489 while the 
roundness of black, brown and white – black varieties was 0.776, 0.639 and 0.856. The density 
of watermelon seed was lower than the density of water. The densities of black, brown and 
white – black varieties were 0.932, 0.935 and 0.928 at storage moisture level. 
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INTRODUCTION 
Watermelon is large (Cucumis melon), oval, round or oblong in shape. The skin is smooth, with dark green rind or 
sometimes pale green stripes that turn yellowish green when ripe. Watermelon is an aggressive annual crop that 
prefers environmental temperature greater than 21OC. Watermelon  is  a  drought  tolerant  crop  which  belongs  to 
the  Cucurbitaceae  family  of  flowering  plants. It  is generally  considered  to  be  of  the  Citrullus  species  and 
has  been  referred to as  Citrullus  Vulgaris. It also serves as a good source of phytochemical and lycopene, a red 
carotenoid pigment which acts as antioxidant during normal metabolism and protects against cancer (Perkins and 
Collins, 2004). It is cultivated in a wide range of tropical, semi tropical and rigid regions of the world. It is originally 
found in Southern Africa,  the  indigenous  people,  in  their  search  for  water-containing  foods,  selected  varieties  
with  low  glycoside content.  In  ancient  times,  the  watermelon  was  cultivated in  Egypt,  from  where  followed  
the  spread  to  the Mediterranean  areas  and  in  an  eastern  direction  to  India [27]. It is grown for its large fruit 
that weighs from five to forty pounds depending on the variety. Watermelon contains about 90% water, which 
serves as sources of water for some people in the desert. Other importance includes staple food, animal feed and 
fermentation for alcohol production [3]. 
 
Watermelon is a very rich source of vitamins, can be served for breakfast, as an appetizer or snack, depending on 
how it is prepared [14]. It also serves as a good source of phytochemical and lycopene, are d carotenoid pigment 
which acts as antioxidant during normal metabolism and protects against cancer [26]. Watermelon fruit contains  
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large quantities of seeds. The seeds can be cooked and dried and served as snacks. The seeds might also be cooked, 
ground (West Africa) and fermented for use as a flavour enhancer in gravies and soups [21]. 
 
Processing of agricultural products involves harvesting, separation, cleaning, handling and storing. Information on 
physical and mechanical properties of agricultural products is very important for the design of processing and 
handling equipment. These properties must be determined at laboratory conditions [28; 13; 9]. Several researchers 
have carried out studies on the physical and mechanical properties of some agricultural products [2; 22; 16; 18; 7). 
Makanjuola  [19] determined  the  size  and  shape  of  the seeds  of  two  melon  varieties  and  correlated  the 
dimensions of the seeds and kernels. Paksoy  and Aydin  [25] evaluated some physical properties; length, width, 
thickness, geometric  mean  diameter, sphericity,  mass,  volume, bulk  density, true density, porosity  and  static  
coefficient  of  friction of  squash seeds at  6.4%(d.b)  moisture  content.  Joshi et al.,  [11]  studied  the average  
length,  width,  thickness,  unit  mass,  bulk  density, true  density,  porosity,  the  static  coefficient  of  friction  and 
angle  of  repose  of  pumpkin  seeds  and  kernels  at  4% (d.b). 
 
Physical properties of watermelon seeds are essential for the design of equipment for handling, processing and 
storing; and are the most important factors in determining the optimum vacuum pressure of the precision vacuum 
seeder [12]. The physical properties of watermelon seeds vary with the cultivars. Better  understanding  of  the  
physical properties  are  also  essential in  order  to  optimize  various  factors of watermelon seeds (e.g. threshing  
efficiency,  pneumatic  conveying  and  storage) [17]. In order to increase watermelon seed production quantity and 
quality, agricultural engineering researchers have realized the need to develop, use, and improve modern 
watermelon machinery technology [5; 6]. The objective of this research is therefore to evaluate some physical and 
mechanical properties of watermelon seeds at safe moisture content useful for the design of equipment for handling, 
processing and storing. The properties examined were size, sphericity, static coefficient of friction against different 
materials, roundness, angle of repose, mass, density and volume. 
 
MATERIALS AND METHODS 
Sample preparation 
Watermelon seeds used in this experiment were obtained from a seed store in Ilorin, Kwara State, Nigeria. Three 
varieties were chosen for this study. The three varieties were local varieties identified by colour. The varieties 
chosen were black, brown and white – black (Figure 1). The seeds were carefully cleaned to remove dust, foreign 
materials and broken or immature seeds. A total number of 200 seeds were selected from each variety as samples; 
these samples were thoroughly mixed together before carrying out investigations on engineering properties. 
 
   
Figure 1: Black, brown and white-black watermelon seeds 
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Moisture content determination 
Samples were taken from each variety and grinded to form finer particles. The grinded samples were weighed 
separately and kept in the oven for a period of two hours at a temperature of 130oC and reweighed after oven drying 
as described by Ajibola et al., [1]. Weight loss is the weight of moisture in the seeds and this was used in 
computation of the moisture content of the seeds at storage. 
 
Size, surface area and sphericity 
A sample of 200 seeds was randomly selected for measurement of major, minor and intermediate diameters using 
micrometer screw gauge. A vernier calliper with 0.001mm accuracy was used for the measurement of the length, 
width and thickness in three directions. The geometric mean diameter was determined using the method suggested 
by Song and Litchfield [17], by using Equation 1. The sphericity of watermelon seeds was obtained using the 
formula given by Mohsenin [20], Jean and Ball [10] and Gursory and Guzel [9]. 
 
size = (abc)1/3                                       (1) 
 
Where: 
a = length of seed 
b = width of seed  
c = thickness of seed 
 
Volume, mass and density 
200 samples were selected randomly from each variety. Each of the seeds were weighed on the digital sensitive 
weighing balance (Model TM 2000) to find the mass when immersed in water  to determine the volume of water 
displace which is the volume of the seed using a measuring cylinder. The density was evaluated using expression 
below 
 
Density = mass / volume                   (2) 
 
Static Coefficient of Friction 
The static coefficient of friction for watermelon seed was determined on three materials, plywood, glass and mild 
steel respectively using the method described by Alonge and Adegbulugbe [2]. A box of 150mm × 150mm × 40mm 
with the top and the bottom opened was filled with the seeds and placed on adjustable tilting table onto which the 
material to be tested has previously been fastened. The box was placed in one end of the surface and raised slightly 
so it was not touching the material. A screw device slowly tilted the table until the friction force between the seeds 
and the material was overcome by gravity and movement down the slope began. The angle of inclination was read 
from a graduated protractor attached to the tilting table. The tangent of the angle of inclination is the static 
coefficient of friction of the seed in the material. For  each  replication,  the  sample  in  the  container  was emptied  
and  refilled  with  a  new  sample  [4; 8; 11;  23; 24].   
 
RESULTS AND DISCUSSION 
The data recorded in each test condition were analyzed statistically. Duncan multiple range tests were used to 
compare the means. From the results of the analysis, the effects of moisture content, loading position and variety on 
load, deformation and energy of watermelon seeds were evaluated. 
 
Size 
The result obtained from evaluation of size of three varieties of watermelon seed are presented in Figure 1 shows the 
range of size distribution of watermelon seed in the major axis. Black watermelon seed has a wider size distribution 
of range of 5.49 – 9.91mm while – black seeds have a size distribution range of 10.07 – 13.49mm. Figure 2 shows 
the range of size distribution of watermelon seeds in the intermediate axis. Black seeds have a wider range 
distribution of 4.35 – 8.66; brown seeds have a size distribution of 2.63 – 6.68mm. 
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Figure 3 shows the range of size distribution of watermelon seeds in the minor axis, black has a wider range of size 
distribution of 1.52 – 2.96mm and brown has a size distribution of 1.57 – 2.68mm while black has a size distribution 
range of 1.75 – 2.93mm. Hence, the size distribution range characteristic is same for major and intermediate axes in 
all the three varieties but different in the minor diameter. These parameters are useful in design of screening 
equipment for watermelon seed. 
 
 
 
a: major diameter for black variety 
 
 
b: Major diameter for brown variety 
 
 
c: Major diameter for White – black variety 
Figure 1: Size distribution of major diameter of watermelon seeds 
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a: Intermediate diameter for Black variety 
 
 
b: Intermediate diameter for White – black variety 
 
 
c: Intermediate diameter for brown variety 
Figure 2: Size distribution of intermediate diameter of watermelon seeds 
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a: minor diameter for Brown variety 
 
 
 
b: minor diameter for Black variety 
 
 
c: minor diameter for White – black variety 
Figure 3: Size distribution of minor diameter of watermelon seeds 
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Shape (Roundness and Sphericity) and Surface Area of Watermelon seed 
The result obtained from the investigation of sphericity of the varieties of watermelon seed are presented in Table 1. 
The least sphericity was 0.483 while the highest value was 0.535. Results of evaluation of sphericity revealed that 
the brown variety is most round followed by black and white varieties. The black has a larger surface area followed 
by white-black and brown variety. Figure 4 shows the frequency distribution of surface area of different varieties of 
watermelon seed on the graph. This parameter is useful in the design of packaging structures of watermelon. 
 
Density and Coefficient of friction of watermelon seed 
The results of evaluation of density of 3 varieties of watermelon seed are shown in Table 2.The average density of 
black, brown and white-black are 0.933, 0.935 and 0.934 g/cm3 respectively. The results show that density of three 
varieties of watermelon seed is lower than that of water, hence water can be used to separate watermelon seeds from 
other materials by principle of floatation. Density determination could be used for design of separation equipment 
for watermelon seed. Static coefficients of friction for three varieties were determined for three structural surfaces. 
The steepness of the upper depends on the types of material used. Table 3 shows that steepness is faster in glass 
followed by metal and wood. 
 
Angle of repose of watermelon seed 
The angle of repose of the seeds is presented in Table 4. The results show that at moisture content of 9.28% (w.b) 
for black variety, the angle of repose was 25oC, at moisture content of 9.34% (w.b) of brown variety the angle of 
repose was 180C while at moisture content of 9.45% (w.b) of white – black variety, the angle of repose was 260C. 
 
Moisture content of watermelon seed at storage 
Table 5 shows moisture contents of three varieties of watermelon seed at storage. Black has the highest moisture 
content followed by brown and black. The moisture content of white – black was 9.45% (wet basis), brown was 
9.34% (wet basis) and black was 9.28% (wet basis). Hence, watermelon could be stored under this moisture content 
safely without problem of deterioration due to high moisture level. 
 
Table 1: Sphericity of watermelon seed 
Variety Mean Standard deviation Variance 
Black 0.48 0.02 0.000 
Brown 0.54 0.03 0.001 
White – black 0.49 0.02 0.001 
 
Table 2: Density of watermelon seed (g/cm3) 
Variety Mean Standard deviation Variance 
Black 0.93 0.002 0.000 
Brown 0.94 0.004 0.000 
White – black 0.93 0.003 0.000 
 
Table 3: Coefficient of friction of watermelon seed 
Variety Metal Glass Plane Wood 
Black 0.40 0.38 0.63 
Brown 0.34 0.47 0.58 
White – black 0.36 0.40 0.60 
 
Table 4: Angle of repose 
 Variety I 
Black 
Variety II 
Brown 
Variety III 
White – black 
Angle of repose 250 180 260 
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Table 5: Moisture content of watermelon seed at storage 
 Variety I 
Black 
Variety II 
Brown 
Variety III 
White – black 
Moisture content 9.28% (wet 
basis) 
9.34% (wet basis) 9.45%(wet basis) 
 
 
a: area of Black variety 
 
 
b: area of Brown variety 
 
 
c: area of White - black variety 
Figure 4: Frequency distribution of surface area for three varieties of watermelon seeds 
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CONCLUSIONS 
Some physical and mechanical properties of watermelon seed were determined. The result of the experiment on size 
shows that watermelon seed has a wide range of size distribution. The surface area and the shape also depend on 
varieties. The angle of repose ranges from 180 to 260 at storage moisture content. The static coefficient of friction 
depends on the type of structural surface involved. The sphericity of the black, brown and white – black varieties 
was 0.483, 0.535 and 0.489 while the roundness of black, brown and white – black varieties was 0.776, 0.639 and 
0.856. The density of watermelon seed was lower than the density of water. The densities of black, brown and white 
– black varieties were 0.932, 0.935 and 0.928 at storage moisture level. 
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